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Spacecraft Power Management and Distribution 


Advanced Power Electronics Components 
Gene E. Schwarze 
NASA Glenn Research Center 
Ms 301-5 

21000 Brookpark Road 

Cleveland, Oh 44135 

Phone: (216) 433-6117 

Fax: (216)433-8311 

E-Mail: Gene E. Schwarze @.nasa.gov 

All aerospace systems require Power Management and Distribution (PMAD) between energy 
source and loads. All power electronics and control circuits for PMAD systems require electrical 
components for switching, rectification, energy storage, voltage/current transformation, filtering 
regulation, protection, and isolation. In order to increase the power density, efficiency, operating 
temperature, radiation resistance, and reliability of PMAD systems requires advances in power 
electronics materials and component technology. The primary means to develop advanced 
power electronics components is to develop new and/or significantly improved materials for 
capacitors, magnetic components (transformers and inductor), and semiconductor switches and 
diodes. 

The specific benefits of developing advanced power electronics component technology are: 

1 . Higher operating frequency components give increased PMAD power density by 
reducing mass and volume of the passive components (transformers, inductors, and filter 
capacitors). 

2. Higher operating temperature components give reduced cooling requirements and thus 
reduce complexity, size, and mass of the thermal transport system and radiators. 

3. Higher efficiency components not only give reduced cooling requirements but also give 
reduced power generation and storage needs for a given output power. 

4. Higher radiation resistant components give reduced mass and volume of shielding 
materials. 

5. Higher voltage components give higher power systems and give reduced cable mass. 

This paper will give a description and status of the Advanced Power Electronics Materials and 
Components Technology program being conducted by the NASA Glenn Research Center for 
future aerospace power applications. The focus of this research program is on the following: 

1 . New and/or significantly improved dielectric materials for the development of power 
capacitors with increased volumetric efficiency, energy density, and operating 
temperature. Materials being investigated include nanocrystalline and composite ceramic 
dielectrics and diamond-like-carbon films. 

2. New and/or significantly improved high frequency, high temperature, low loss soft 
magnetic materials for the development of transformers/inductors with increased 
power/energy density, electrical efficiency, and operating temperature. Materials being 
investigated include nanocrystalline and nanocomposite soft magnetic materials. 

3. Packaged high temperature, high power density, high voltage, and low loss SiC diodes 
and switches. Development of high quality 4H- and 6H- SiC atomically smooth 



substrates to significantly improve device performance is a major emphasis of the SiC 
materials program. 

4. Demonstration of high temperature (>200C) circuits using the components developed 
above. 




s 

© 


5*! 

© 

u 

0k 


w 

u 

Z 

00 

w 

to 

z 

o 

CJ 

c/5 


fl r , 
« to 


H 

C/5 

t* 

C ft 



< 

Q 

< 

> 

to 

Z 

r 

o 

z 

to 

00 



<D 

N 

c5 


43 

O 

CO 

W 


<D 

o 


45 

O 

c 

ccS 

?-H 

OQ 

C/5 


D 

-t-» 

C/5 

GO 

13 

o 


o 


c 

o 

• fH 
CO 

• pH 

> 

Q 

Ch 

o 

• pH 

CO 




<D ^ 

c w 


T3 

CD 

O 

§ 

■5 

< 


4p 

13 ^ 
a 2 

O ^ 

£ 

o cs 

£ .. 
CD ID 
D 4 

E J2 

D 

£ 

O 

Oh 


> 

o 

b£> 

c3 

c/5 

o3 H" 
« O 

® q 

D (N 

a - 

c3 cn 

£ 

45 
D 


m 

W 

D 

4 

D 

o 


c3 


m 


0) 

X) 


<D 

> 

O 

£ 


32 

0 

Ll 


0 


0 



Glenn Research Center 


Outline 



Glenn Research Center 


Motivation for doing Advanced Electrical Materials 


© 

B 

& 

*© 

© 

Q 

a 

© 

a 

© 

©< 

s 

© 

u 

© 

a 


C/5 

4-> 
• i“H 

P 

p 

<D 

■S 

a> 

c 5 

td 

£ 


'd 

a 

© 

•\ 

© 

•p-n 

© 

*© 

#f 3 

© © 

1 .§ 

gf> ts 

a © 

a £ 

© .a 

pC C /5 

oc !§ 
a 

•PN V 

« « 

« S 

C/5 $N 

h ® 

52 a 

® -3 

a a 


a 

© 
• pN 

a 

£ 


© 

© 


© 

C /5 


<D 

■5 

c/d 

<D 

4h 

• i-H 
^-© 

C/5 

2 

*’ — 5 

43 

O 

c3 

0> 

C/D 

0> 

+-> 

<D 

S 

• i-H 

5-h 

0> 

Ph 

X 

<D 

U-i 

O 

o 

• w* 

4- > 

<D 

5- h 

O 

<D 

■S 

5-i O* 
O C/5 

*£ C 
ir*p 

cd o 
rl D 

> 13 

£> C/5 


© 


© 


a 


© 


C /5 


© 


© 


© 

fi 


a 

© 


C /5 

a 

Cm 

© 

::: 

> 


p2 15)0 

•a © 
3 p© 
© ^ 
>d o 

-a * 

•g a 
a © 

p© 

© 

© 


C/5 

a 

© 

s i 

.2 w> 
a ^ 

©T 5 A 

5 « 

© > 

u .S 


c/5 

4- > 

C 

^ 2 

P 

o 
O 

Q 

*5 

& 

cd 

4-© 

cd 
"Td 


s 

o 

• H 

5—i 

P^ 

o 

Oh 


4-© 

o f-H 

cd 

C/5 


$-1 

cd 

O 

"Td 

> 

o 

p 

o 

P 

•i-H 

C/5 


C/5 

cd 

h=> 

• 

s 

cd 


T3 

©© 

T3 

bt) 

0) 

P 

• f-H 

P 

C/5 

f ==4 

» tH 

cd 

3 

• 

4-© 

p 

P 

p^ 

p 

<D 

w 

o 

P 

Ph 

« 

• 



T 3 

0 ) 

Ll 


CO 


£ 

0 



Glenn Research Center 


o 

S 

o 

u 


sj 

•PN 


L- 


o 

13 

> 

aj 

73 




c/5 

C 

o 

C/5 

dJ 

?H 

dJ 

^— > 

C/5 

03 

43 

'— 

<D 

S3 

<D 

o 

43 

O 

c 3 

C/5 

<D 

Pi 

S3 

e 

<D 


u 

D 

£ 

^ o 

g <D 

§ 8 
& a 
S g 
o 8 

u ^ 


73 

§ 

C/5 


03 

dJ 

3 


<3 

*d ^ 

<L> .o 

^ <-i— I 

c3 

£ p 

2 u 

8 S 

• H ffl 

o < 

JD W 

W >> 


^ o 

> I 


73 

<D 

o 

S3 

cd 

> 

73 


&D 

O 

o 

c 

43 

o 

<D 


< H 


C/5 

a 

<D 

> 

C/5 

>> 

C/5 


c/5 

«N 

<C 

C/3 

< 

£ 

4h 

2 s 
8 2 

‘a 5 o 

C/I . 

CD 

•rt W) 
<D O 

£fo 

<D 3 

a 43 
W g 
'g H 

^ 12 

3 g 

(D 3 

S =2 

(D o, 

D) <D 
Z. ° 

3 G 
3 § 

.2 U 

h a> 

u -S 

S i 

W § 

< m 


3 

CD 


*c a 
o o 

<D "5 
73 <3 

> z 

O CD 

43 
Qh 35 

O 73 
3 
3 


73 

0) 
-i— > 

CD 

<D 

5— i 


< 
C/3 

,. < 

^ £ 
3 C+H 

§ o 

bb -o 

O (D 
p? CD 

S 3 ^ c 
73 


CD 

33 


<D 

<D 


CD 
CD 

3 

42 3 
3 O 

C/2 ^ 

• C/Z 

<D 

C/2 *Gn 

cd bO 
\3 £ 

<D Q 

£? e 

S 4h 
3 dD 

B 



Glenn Research Center 


Introduction 

Motivation 

- All Aerospace missions (spacecraft, launch vehicles, planetary surface exploration, 
aircraft) require electrical Power Management and Distribution (PMAD) between energy 
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MATERIALS PREVIOUSLY CHARACTERIZED UNDER SINE WAVE VOLTAGE EXCITATION 

POLYCRYSTALLINE ALLOYS TEST CONDITIONS 
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Major Challenge to Develop Nanocomposites 

- Consolidation of the nanocomposite powder into a 
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* Values from http://www.cree.com/products/sic/silicarb.htm 
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Reverse IV Characteristic Comparison 

Si 300V 10A Ultra Fast pn (IXYS DSEP 8-03A) 

SiC 300V 10A Schottky (Infineon SDT10S30) 
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Forward IV Characteristic Comparison 

Si 1 50V 5A Dual Schottky (International Recitifier 1 0CTQ1 50) 
SiC Schottky 200V 1 A (Microsemi UPSC200) 





o 

o 

o 

o 

o 

O 

o 

o 

o 

o 

cd 

o 

CD 

o 

O 

o 

LO 

CD 

CD 

LO 

cd 


CM 

— 

CM 

CM 


CM 

@ 

<§> 

@ 

@ 

@ 

@ 

o 

o 

o 

CO 

1 

co 

i 

CO 

CO 

1 

CO 

1 

CO 

1 




o 

co 

<75 

2_ 

o 

c 

(0 

S- 'T' 

Q>C) ^ 

.5>o) .22 


CO 

■g.® 

XL > 
S3 O 

2 § 

** 

Oo 

« c 

^ (C 


(D 

o 


ra 

<D 

</) 

a> 

DC 


0 

o ,2> 

> .c 

■S CO 
ro — 

£ o> 

si O 

LL CO 


o 


CO 


0) 


cd 



Transient Current Comparison in Buck Converter, V, N = 400V 

Si 600V 8A ultrafast pn (IXYS DSEI 8-06A) 

SiC Schottky 600V 6A (Infineon SDT06S60) 
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Si pn diode reverse recovery current increases significantly with temperature 

SiC Schottky diode transient reverse recovery current does not change with temj^rature 
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Efficiency Comparison of Si pn-junction and 
SiC Schottky Diodes in Buck Converter 
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Sponsored SiC materials research with Sensors and Electronics 
Technology Branch at NASA Glenn 
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Pre-growth optical photo of Post-growth SEM of “webbing” formed 

cross-shaped mesa following 60-minute growth. 
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Wide Bandgap Semiconductor Materials 

Sponsored SiC materials research with Sensors and 
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free mesa on following oxidation to reveal step free defects. 
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